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@ Thermoplastic resin composition. 

(g) The present invention relates to a thermoplastic resin 
composition comprising (a) modified PP 1 - 90 wt. parts, (b) 
polyamide 1 - 90 wt. parts, (c) modified rubber 1 - 50 wt. 
parts/100 parts of (a) 4- (b), (d) filler 0.5 - 50 wt. parts/100 parts 
of (a) + (b) + (c), and (e) titanate-type coupling agent 0.5 - 20 
wt.<*D/filler (d). 
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Thermoplastic Resin Composition 

poVpropylene, polyamide, and modified rubber is the ir.corporat.on of a filler .nto the matnx. (See Japanese 

^ac^^ decrease in impact resistance and ductility contrary to an increase in 

atm^bSSeTtal « poor in affinity for resin components in the matrix. Moreover, Jh« techn.que 
%SEL fs ^^s^icienT reinforcing effect" (improvement in stiffness ^ d ^^f^o^e molded 
incorporation of a large amount of filler, which deteriorates the appearance and surface gloss of the molded 
articles such as automotive parts and household electric appliances. _„*,_„i~.i 
Thr D re2nnnventton is intended to achieve the reinforcement (improvement .n stiffness, mechanic^ 

imnart strenath and surface appearance (especially surface gloss). 
?hP flS onhe present invention resides in a thermoplastic resin composition which composes: 

9 (J) ? « parts £ weigM of modified polypropylene partly or entirely modified with an unsaturated 
carboxylic acid or a derivative thereof; 

$ ParUV or entirely modified with an unsaturje^rbox.ic 

}y ' * A hori T rt ffnpinnnartsbvweiaht of the total amount of said components (a)and(b), 

a Td,% a 5X7^ weight of the total amount of said components (a). 

^^a^itoiate^ouDling agent in an amount of 0.5-20 wt% of saidfiller (d). , o „ 
The ^ed^Xrop y le 9 ne 9 [component (a)] used in the present invention is an ac,d 7™ d ' f ^ 
„J,™Jr t^i«» oraowlene nolvmer for acid modification includes propylene homopolymers and 
lT^ n ^r c0 ^^T^ includes, for example, ethylene and 1-butene. The copolymers 
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^fhTheratio of modification lower than 0.01 wto/o, the thermoplaste resir 'Jg^SXiJ^SS 

0.05-5 parts by weight of an unsaturated carboxylic acid or a derivative thereof, and 0.05-5 parts by weigm or 
^ExSLTSfunsaturated carboxylic acid include ma.eic acid, crotonic acid, end^s-bicyclo (3*1) 
he P ^ne-2,3^aLxy^ acid, fumaric acid, acryiic acid and isocroton.c '^■^^SST^ 
the unsaturated carboxylic acid include acid anhydrides (such as male.c anhydnde), acid halides, amides, 



polyamide and an aminccarboxylic acid, and polyamides obtained by the nns , opening ^^^Sm^ 
basTrubber material with an unaaturatad c^boxyllc add or a dan>^e thareof »> lha sama rrannar as usad lor 

derivative thereof as a graft monomer. The modification may also be accomplished by the aid 
above-mentioned radical initiator (organic peroxide). 
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The rubber base materiaTfor modification that can be used in the present IrWent ion is a homopolymer or 
copolymer of a-oiefins having two or more carbon atoms. Examples of the a-olefin include ethylene, 
propylene, 1-butene, 1-hexene, 4-methylpentene, and 1-decene. 

The rubber base material for modification may also include, in addition to bipolymers of ethylene and the 
above-exemplified a-olefin, terpolyrners of ethylene, a-olefin, and non-conjugated diene. Examples of the 
non-conjugated diene include 1 ,4-hexadiene, dicyciopentadiene, and 5-ethylidene-2-norbornene. The rubber 
base material for modification may also include rubbers obtained from an aromatic vinyl monomer and a diene. 

The modified rubber [component (c)] may be derived from ethylene propylene rubber (EPR), 
ethyiene-1-butene rubber (EBR), EPDM (a terpolymer composed of an ethylene-propylene rubber and a third 
component such as dicyciopentadiene and ethylidenenorbornene), hydrogenated products of styrene-buta- 
diene block copolymer or triblock copolymer, acrylic rubber, polyisobutylene, epichlorohydrin rubber, 
polyamide elastomer, and polyester rubber. 

The ratio of modification of the modified rubber [component (c)] is preferably from 0.01-2.0 wto/o. 
With the ratio of modification lower than 0.01 wt°/o, the modified rubber is poor in compatibility for the 
polyamide and the thermoplastic resin composition of the present invention has a low impact resistance. On 
the other hand, with the ratio of modification higher than 2.0 wto/ 0f the resin composition of the present 
invention yields molded articles having a poor surface appearance and is poor In flowability in molding. 

The modified rubber [component (c)] used in the present invention may be constituted from a single 
species of the above-mentioned modified rubber or a mixture composed of a modified rubber and an 
unmodified rubber. The mixture should contain the unsaturated acid in an amount specified above. 

The filler [component (d)] used in the present invention includes, for example, silicates (such as talc, clay, 
bentonite and attapulgite), carbonates (such as calciun carbonate and magnesium carbonate), sulfates (such 
as barium sulfate), mica, potassium titanate whisker, glass fiber, and carbon fiber, which are in general use in 
the field relating to the present invention. 

The titanate coupling agent [component (e)] used in the present invention includes those which are 
represented by the formulas shown below. 
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(iv) 
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(Vi) 



(C s H 17 -0-f 4 -Ti 
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(viii) 
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35 As the result of their extensive studies, the present inventors found that the thermoplastic resin 
composition of the present invention yields molded articles which exhibit greatly improved stiffness, strength 
neat resistance, and surface gloss with almost no decrease in impact strength when it is incorporated with a 
slight amount of one of the above-listed titanate coupling agents. Better results are obtained with the 
phosphate-titanate coupling agents (i) to (iv) than with the other titanate coupling agents (v) to (viii) having no 

40 acid phosphate group. The desired results are not obtained with silane coupling agents. 
The thermoplastic resin composition of the present is composed of: 

(a) 1-90 parts by weight of modified polypropylene, 

(b) 1 -90 parts by weight of polyamide. 

45 (a/andfb) We ' 9ht ° f m ° d ' f ' ed mbber for 1 00 P arts by weight of the total amount of components 

(d) 0 5-50 parts by weight of filler for 100 parts by weight of the total amount of components (a) , (b), and 
(c), and 

(e) a titanate coupling agent, especially phosphate-titanate coupling agent, in an amount of 0.5-20 wt°/o 
of the amount of the filler (d). 

SO In the total amount of the modified polypropylene [component (a)] and the polyamide [component (b)1. the 
amount of the former should be 1 to 90 parts by weight. With an amount less than 1 part by weight, it does not 
improve the resin composition in water resistance and moldability. With an amount more than 90 parts by 
weight, it does not improve the resin composition in heat resistance and stiffness 

™ «, < am - l i nt ° f the modified rubber [component (c)] should be 1 to 50 parts by weight. With an amount less 
!k L P Y ™ e ' 9 ' rt aoes not im P r o v e the resin composition in impact resistance. With an amount more 
man so parts by weight, it does not improve the resin composition in surface appearance. 

The amount of the filler [component (d)] should be 0.5 to 50 parts by weight. With an excessively small 
amount, it does not improve the resin composition in heat resistance and stiffness. With an excessively large 
amount, it deteriorates the impact resistance and moldability of the resin composition and causes the resin 

so composition to yield molded articles having no surface gloss. According to the present invention, even a small 
amount of filler produces its effect of improving stiffness, mechanical strength, heat resistance, and surface 
gloss when it is used in combination with a small amount of the titanate coupling agent. A preferred amount of 
the filler is 0.5-15 parts by weight. 
* _ Th ! ; amount of the titanate coupling agent [component (e)] should be 0.5-20 wHfe of the amount of the filler. 

65 The titanate coupling agent incorporated into the matrix composed of (a) modified polypropylene (b) 



4 



BNSOOCID: <EP 03461 S0A2_I_> 



10 



15 



EP 0346 150 A2 

poiyamide, (c) modifie^rober, and (d) filler improves the resulting resin comj^Kion in stiffness, mechanical 
strength heat resistance, and surface gloss (appearance) with almost no decrease in impact strength. 

The thermoplastic resin composition of the present invention can be obtained by adding the tltanate 
coupling agent to the above-mentioned matrix using a mixer or blender and then melt-mixing the resulting 
mixture using a Banbury mixer or the like. 

The thermoplastic resin composition of the present invention may be incorporated with a variety of additives 
such as slip agent, antistatic agent, and flame retardant. 

According to the present invention, the thermoplastic resin composition is incorporated with a tltanate 
coupling agent, especially phosphate-titanate coupling agent such as one represented by the formula (i) 
above. It contains an alkyl group such as -C 8 Hi 7 and a strongly acidic pyrophosphate group such as 

O O 
I! H 

-o-p-o-p-o- 

I 

OH 

Therefore it is considered that the coupling agent acts on not only the filler [component (d)] but also the 
modified polypropylene [component (a)], and the poiyamide [component (b)], which has a basic group. This 
action enhances the filler-to-resin and resin-to-resin interfacial bonding (especially in the matrix containing a 20 
poiyamide), which leads to the effective reinforcement. By contrast, the amino silane, which has no acidic 
group is not so effective as the phosphate-titanate (i) in the above-mentioned matrix. 

Having good heat resistance, stiffness, impact strength, ductility, and surface gloss, the thermoplastic resin 
composition of the present invention will find used as an engineering plastic molding material for automotive 
parts and household electric appliances which are required to have a good external appearance. 25 

& ^ P tnvention will be explained in more detail with reference to the following examples. The resin 

compositions obtained in the examples were tested for properties according to the following test methods. 

Tensile strength: JiS K-7113 30 

Rexural modulus: JIS K-7203 (23° C) 

Izod impact strength: JIS K-7110, with notch, (23° C) 

Heat distortion temperature: JIS K-7207, with a load of 4.6 kg/cm 2 

Gloss: JIS K-7110 

3o 

Example 1 

The following components were dry-blended using a tumbler blender. 

(1) 50 parts by weight of nylon-6 

(2) 50 parts by weight of maleic anhydride-modified polypropylene (with a modification ratio of 0.5 wt Wo 
prepared by melt-mixing 100 parts by weight of propylene homopolymer, 1.0 part by weight of maleic 
anhydride, and 0.05 parts by weight of 2,5-dimethyl-2,5-di (t-butyl peroxy) hexene-3. (This component will 
be referred to as PP -h CMP hereinafter.) 

(3) 20 parts by weight of maleic anhydride-modified EPR (with a modification ratio of 0.3 wt<>/o) prepared 
by melt-mixing 100 parts by weight of EPR, 0.3 part by weight of maleic anhydride, and 0.05 parts by 
weight of 2,5 -dirriethyl-2,5-di (t-butyl peroxy) hexene-3 (for 100 parts by weight of total amount of the 45 
nylon-6 and modified polypropylene). 

(4) 2 parts by weight of talc. 

(5) phosphate-titanate coupling agent (i) in an amount of 2 wt% of the talc. 
The resulting blend was pelletized by using a 45-mm extruder at 250° C. After drying, the pellets were made 

into specimens by injection molding at 270° C, and the specimens were tested for physical properties. The 
results are shown in Table 1. 
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The same procedure as in Example 1 was repeated, except that the amount of the nylon-6 was changed to 
70 parts by weight, the amount of the maleic anhydride-modified polypropylene was changed to 30 parts by 55 
weight, the amount of the modified EPR was changed to 10 parts by weight, and the amount of the talc was 
changed to 1 part by weight. The results are shown in Table 1. 

Example 3 

The same procedure as in Example 2 was repeated, except that the amount of the modified EPR was 60 
changed to 20 parts by weight and the amount of the talc was changed to 2 parts by weight. The results are 
shown in Table 1. 
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The same procedure as in Example 2 was repeated, except that the modified polypropylene was replaced by 
one which is prepared from 100 parts by weight of propylene-ethylene block copolymer, and the amount of the 
talc was changed to 10 parts by weight. The results are shown in Table 1 . 



The same procedure as in Example 4 was repeated, except that the talc was replaced by mica. The results 
are shown in Table 1. 



The same procedure as in Example 5 was repeated, except that the mica was replaced by potassium titanate 
whisker. The results are shown in Table 1 . 

Comparative Example 1 

The same procedure as in Example 1 was repeated, except that the talc and phosphate-titanate coupling 
agent were not added. The results are shown in Table 1 

Comparative Example 2 

The same procedure as in Example 2 was repeated, except that the talc and phosphate-titanate coupling 
agent were not added. The results are shown in Table 1. 

Comparative Example 3 

The same procedure as in Example 2 was repeated, except that the talc was not added. The results are 
shown in Table 1. 

Comparative Example 4 

The same procedure as in Comparative Example 2 was repeated, except that the amount of the modified 
EPR was changed to 20 parts by weight. The results are shown in Table 1 . 

Comparative Example 5 

The same procedure as in Example 4 was repeated, except that the phosphate-titanate coupling agent was 
not used. The results are shown in Table 1. 



Example 5 
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It is noted from Table i that the resin composition of the present invention has improved tensile strength, 
flexural modulus, heat distortion temperature, and surface gloss with almost no decrease in Izod impact 
strength- This is particularly remarkable when Example 4 is compared with Comparative Example 5. The filler 
exhibits its effect when added in an amount smaller than 10 parts by weight. 
5 The present invention provides a resin composition composed of a matrix of modified polypropylene, 
polyamide, and modified rubber and a filler, said resin composition being reinforced effectively with the filler 
without any adverse effect on impact strength and surface appearance. 
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1. A thermoplastic resin composition which comprises: 

(a) 1-90 parts by weight of modified polypropylene partly or entirely modified with an unsaturated 
carboxylic acid or a derivative thereof; 

(b) 1-90 parts by weight of polyamide; 

(c) 1-50 parts by weight of modified rubber partly or entirely modified with an unsaturated 
carboxylic acid or a derivative thereof for 100 parts by weight of the total amount of said components 
(a)and(b); 

(d) 0. 5-50 parts by weight of a filler for 1 00 parts by weight of the total amount of said components 
(a), (b), and (c); and 

(e) a titanate coupling agent in an amount of 0.5-20 wt% of said filler (d). 

2. A thermoplastic resin composition as claimed in Claim 1 , wherein said titanate coupling agent is a 
phosphate-titanate coupling agent. 

3 A thermoplastic resin composition as claimed in claim 2 wherein the coupling agent is one or more of 
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4 A thermoplastic resin composition as claimed in any preceding claim wherein the polypropylene is 
65 modified with from 0.1 - 5 wt o/o of the acid or derivative. 
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5 A thermoplastic^Bsin composition as claimed in any preceding claim^rorein the modified rubber is 
derived from EPR.EBR or EPDM. ... , ^ . 

6 A thermoplastic resin composition as claimed in any preceding claim wherein the rubber is modified 
with from 0.01 - 2.0 wt °/o of the acid or derivative. 

7 A thermoplastic resin composition as claimed in any preceding claim wherein the polypropylene 5 
and/or the rubber is modified with maleic acid, crotonic acid, end-cis-bicyclo (2.2.1 ) hept-S-ene^S-dicar- 
boxylic acid, fumaric acid, acrylic acid or isocrotonic acid or derivatives thereof, especially maleic 

anhydride. . L , . _ 

8 A thermoplastic resin composition as claimed in any preceding claim which comprises from 0.5 - 15 
parts by weight of filler as component (d) . 10 

9 A thermoplastic resin composition as claimed in any preceding claim wherein the filler is selected 
from one or more of silicates, carbonates, sulphates and glass fibres. 

10 The use of a thermoplastic resin as claimed in any preceding claim as an engineering plastic molding 
material, especially for automotive parts and household electrical appliances. 
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